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Appendix A

Data Collection Forms

This appendix presents two items related to collecting information on the contaminant
inventories.

The first item is a blank, five-page data collection form. One data form was completed for each
identified waste stream disposed of in the Subsurface Disposal Area (SDA). Continuation pages were
added to the form as necessary. The Contaminant Inventory Database for Risk Assessment (CIDRA)
database was modeled after this form. Completed forms for all identified waste streams are stored in
CIDRA and constitute Appendix B of this report.

The second item is a list of the general physical forms for waste buried in the SDA. The list
can be used in the database compilation of the inventory to rollup all waste streams having a similar
physical form, regardless of the generator or building that produced the waste.
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Number

—_— D 00 =1 O R WD

21
22
23
24

31

41
42
43

45
46
47

51
52
53

GENERAL PHYSICAL FORMS FOR
WASTE BURIED IN THE SUBSURFACE DISPOSAL AREA

Form

Irradiated fuel rods from experiments

Irradiated fuel from experiments

Unirradiated fuel from experiments

Irradiated end boxes

Other core, reactor vessel, and loop components
Ventilation systems

Lead

Beryllium

Zirconium

Other scrap metals

Sludge

Resin

Vermiculite and other sorbents
Evaporated salts

Other liquid setups

Graphite

Reactive metals

Combustibles (paper, cloth, wood, etc.)
High-efficiency particulate air filters
Other filters

Biological waste

Radiation sources

Concrete, brick, asphalt
Glass

Soil

Plastics

Rubber

Soot, ash

Asbestos

Liquids

Unknown
Other
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Appendix B
Complete Printout of the Contaminant Inventory

and Other Information from the CIDRA Database
(Provided in Volumes 2 through 5)
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Appendix C

The Inventory of Plutonium, Americium, and Uranium
from the Rocky Flats Plant Buried at the
Subsurface Disposal Area from 1954-1972

J. J. Einerson
D. E. Kudera
T. H. Smith

INTRODUCTION

The Idaho National Engineering Laboratory (INEL) historical data task (HDT) was established
to develop a detailed inventory of waste buried in the INEL Subsurface Disposal Area (SDA) from
1952 through 1983. The inventory will be used for performing a risk assessment under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) to help
determine the most appropriate remedial action, if any, for the SDA.

Waste received from the Rocky Flats Plant (RFP) constitutes part of the SDA inventory and was
buried in the SDA from 1954 to 1972. The last plutonium and americium from the RFP was buried
in 1970; only uranium was buried in 1971 and 1972.

The plutonium, americium, and uranium quantities that have been estimated to be buried at the
SDA historically came from a 1971 letter from Lee to Soule (Lee 1971),; these estimates have been
used in a variety of subsequent INEL documents. However, RFP personnel do not believe that these
quantities represent the best estimates. Therefore, INEL personnel have concluded that inventories
provided in Lee (1971) are not adequate for conducting the SDA risk assessment. The previous RFP
inventory estimate was inadequate because waste analysis technology was limited in the early years of
operation.

The numbers used for the RFP portion of the SDA inventory in the risk assessment should
reflect the best current thinking of both RFP and INEL personnel. Therefore, the HDT addresses the
question of the best estimates for the RFP shipments to the SDA.

A briefing for INEL personnel was conducted at the RFP on August 24, 1993. Based on
information presented by RFP personnel at that briefing and on subsequent INEL calculations using
that information, best estimates and upper bounds were developed for the amounts of plutonium,
enriched uranium, and americium in the RFP waste buried at the SDA.

The results of those calculations are documented here. The details of the pertinent information

received from the RFP and of the INEL calculations are not presented here. For perspective, a brief
summary of available information on RFP waste buried in the SDA follows.
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AVAILABILITY OF INFORMATION ON RFP WASTE

The existing primary sources of information at the INEL concerning 1954 through 1972 RFP
waste are a letter from the Lee to Soule (Lee 1971) and miscellaneous shipping records. There are
indications that these information sources are not accurate. One indication is that individual drums
have been found at the INEL containing piutonium levels above those identified in the shipping
documents. RFP personnel also have stated that plutonium quantities in INEL records are
significantly lower than the actual amount.

The only officially recorded removals of plutonium from the processing stream at the RFP were
through War Reserve scheduled shipments, approved special orders, and authorized measured
discards. The removals by War Reserve schedule and special orders are quite accurate. The
rernovals through measured discard were almost entirely in the form of solidified liquid waste.

The volume of the liquid waste was measured and the liquid was sampled and analyzed for its
radionuclide content before solidification. Measuring and sampling these liquids was a difficult
problem, and the RFP records show that the credit taken for measured discards has been inadequate.
The fact that more plutonium was discarded in this waste than credit was taken for is substantiated by
the fact that the sludges accumulated during waste treatment have shown a plutonium content of over
twice the weight taken as measured discards.

Discard values or levels for solid waste shipped offsite were not established. Even if these
levels had been established, it would have been difficult to determine the amount of accountable
material because the only control was by measuring the gamma radiation level, which is not an
accurate method for measuring plutonium, americium, and uranjum in solid waste. In the early
1960s, extensive research and development work took place at the RFP to improve drum counting
methods. The use of drum counters began in 1964. However, for the first few years, shipping
personnel did not use the resuits of the drum counters because they mistrusted the results. In
addition, no authorized measurement methods were available for boxes through the early 1970s. A
Geiger-Miiller (G-M) gamma survey was performed on the boxes to try to ensure that large amounts
of radionuclides were not being shipped. Acceptable techniques for measuring the radionuclide
content of boxes were not available at the RFP before 1978.

Because of the significant limitations in measuring plutonium in most of the RFP waste buried at
the SDA, further analysis of the shipping records was not considered productive. INEL personnel
have long been aware that RFP personnel have been seeking to improve their knowledge of the
disposition of the plutonium since at least 1964, and that RFP personnel have reached some
conclusions about the disposition of the plutonium.

The RFP approach to investigating the disposition was based on a plantwide plutonium balance.
Table C-1 summarizes the results of this RFP investigation, which provides the best estimates and
INEL-calculated upper bounds for the total amount of plutonium, Am-241, and enriched uranium that
was shipped from the RFP to the INEL and buried in the SDA from 1954 through 1972. Table C-2
presents the annual best estimates of plutonium, Am-241, and enriched uranium shipped from the
RFP to the INEL for burial.
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Table C-1. Summary of best estimates and upper bounds of Rocky Flats Plant waste buried at the
Subsurface Disposal Area.

Best estimate Upper bound
Radionuclide (kg) (kg)
Plutonium ) 1,102 1,455
Am-241 44 58
Enriched uranium 386 603




Table C-2. Annual best estimates of plutonium, Am-241, and enriched uranium shipped to the Idaho

National Engineering Laboratory and buried in the Subsurface Disposal Area from 1954 through
1972.

Plutonium Am-241 Enriched uranium
best estimates best estimates best estimates

Year (kg) (kg) (kg)
1954 1.6 0.1 3.1
1955 3.0 0.3 82
1956 16.1 0.6 10.7
1957 23.3 0.9 21.9
1958 54.1 2.2 71.8
1959 59.4 2.4 8.8
(6.4)

1960 70.3 2.8 04 1
1961 64.3 2.6 47.7
1962 83.7 3.3 55.4
1963 101.8 4.1 11.2
1964 87.3 3.5 51.5
1965 125.5 5.0 8.6
(-13.1)

1966 153.2 6.1 2.8
-11.1)

1967 72.0 2.9 8.4

(58.9) 2.4)

1968 68.1 2.7 1.3
(25.5) (1.0) (-14.7)

1969 74.0 3.0 10.0
1970 042 3.8 31.8
23.5

1971 None None 0.7
1972 None None 2.7
0.6)

NOTE: For plutonium and Am-241 for 1967 and 1968 and enriched uranium for 1959, 1965, 1966, 1968,
1970, and 1972, the numbers in parentheses are the annual quantities used for the cumulative best estimate.
The top numbers are annual best estimates. The differences are assumed to be because of recovery of
backlogged material or material from the cleanout of equipment.
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SUMMARY

Table C-1 provides the best estimates and upper bounds for the amounts of plutonium (material
type Pu-52),* Am-241, and enriched uranium (material type U-38)" shipped to the INEL from the
RFP and buried in the SDA during the years 1954 through 1972.

Table C-2 provides the annual best estimates for the amounts of plutonium, Am-241, and
enriched uranium shipped to the INEL from the RFP and buried in the SDA during the years 1954
through 1972. Plutoniem and americium were not buried in the SDA after 1970.

a. Material type Pu-52 is the U.S. Department of Energy (DOE) designation for plutonium whose radionuclide
mixture is considered weapons grade. The mixture breakdown is 0.0001 Pu-238, 0.9389 Pu-239, 0.0575
Pu-240, 0.0034 Pu-241, and 0.0002 Pu-242 by mass (EG&G Idaho 1985).

b. Material type U-38 is the DOE designation for enriched uranium whose radionuclide mixture is
0.0093 U-234, 0.9308 U-235, 0.0034 1J-236, and 0.0565 U-238 by mass (EG&G Idaho 1983).
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Appendix D

Detailed Evaluation of Inventory Entries
for Contaminants with Unknown Quantities

This appendix evaluates the inventory entries for nonradiological contaminants with unknown
quantities. Resolution of the inventory entries for radiological contaminants with unknown entries is
discussed in Section 4. This appendix also provides an estimate of the volumes of Rocky Flats Plant
(RFP) waste streams.

Evaluation of Unknown Quantities of Nonradiological Contaminants

Table D-1 presents the detailed results for the evaluation of the unknown quantities of
nonradiological contaminants. For each contaminant with one or more entries giving the quantity as
unknown, the designator is given for all waste streams containing unknown quantities of the
contaminant. Next is a discussion of the attempt to estimate an upper-limit quantity (or, in the case of
the RFP waste, a best estimate). The last column of the table compiles the results for all unknown
entries of that contaminant.

The results of the evaluation of the unknown quantities of contaminants are not incorporated into
the Contaminant Inventory Database for Risk Assessment (CIDRA) database because of their lower
reliability.

Estimate of the Volumes of RFO-DOW-1H
to RFO-DOW-14H Waste Streams

The total volumes of the various RFP waste streams buried in the Subsurface Disposal Area
(SDA) are unknown. The available information did not provide an estimate of the annual volume or
total volume for RFP buried waste streams RFO-DOW-1H through RFO-DOW-14H. Lee (1971)
provides a total volume of waste that was shipped from the RFP to the Radioactive Waste
Management Complex (RWMC) each year from 1954 to 1970. There is no indication, however, of
the volumes of each type of waste, (i.e., each waste stream). The volume of these waste streams may
be important for some future calculations. Therefore, an estimate of these volumes is made here.

The extrapolations to calculate the radionuclides and hazardous constituents present in each of
the first 14 waste streams were based mostly on available information on RFP stored waste (Clements
1982). Therefore, the estimate of the volumes was made using the number of drums and boxes of
each applicable content code received from 1971 through 1981 from the Clements (1982) report on
stored waste. It was assumed that each drum is a 55-gal drum and that each box is 4 X 4 x 7 ft.
The numbers of drums and boxes and the total volume for each waste stream are shown in Table D-2.
The relative volume percent of each waste stream was calculated from these numbers and is also
shown in Table D-2. However, the total volume shipped from the RFP each year from Lee (1971)
must be corrected for the amounts of organic sludge (RFO-DOW-15H) and evaporator salts
(RFO-DOW-17H) that were buried. This total yearly volume (1954 through 1970) correction is
shown in Table D-3. The corrected total yearly volumes are then multiplied by the volume percents
for each waste stream (Table D-2) to obtain the annual volume of each of the first 14 buried waste
streams for the years 1954 through 1970. These estimates are shown in Table D-4.
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Appendix E

Assumed Distributions of Generic Terms and
Dual Entries for Radioactivity in the RWMIS Shipping Record
Rollups, for Use in the CIDRA Versus RWMIS Comparisons

The Radioactive Waste Management Information System (RWMIS) shipping records contain
generic entries [e.g., mixed activation products (MAP), mixed fission products (MFP)] for a
substantial fraction of the radioactivity in the waste. Realistic comparisons of the activities of
radionuclides in the Contaminant Inventory Database for Risk Assessment (CIDRA) database with
those in RWMIS require that the generic entries first be replaced conceptually by radionuclide
distributions. This appendix provides the distributions used for each major waste generator.

For the purpose only of the comparisons, the generic entries in RWMIS were replaced
conceptually using the simplified method described below. The conceptual replacement of the generic
entries does not replace or affect the detailed distributions used in CIDRA in any way, nor were the
generic entries in RWMIS actually replaced.

The method used to conceptually replace the generic entries in RWMIS was based on a
simplified application of the radionuclide distributions in CIDRA. For several major waste generators
[Test Area North (TAN), Test Reactor Area (TRA), and Naval Reactors Facility (NRF)], the
distributions in CIDRA generally differ from one waste stream to another because nuclear physics
calculations were used to develop the distributions. For these generators, simplified (approximate
average) distributions were developed and used in these comparisons to replace the RWMIS generic
entries for the generator.

For other major waste generators [Idaho Chemical Processing Plant (ICPP) and Argonne
National Laboratory-West (ANL-W)], fixed distributions generally had been used by the data
gatherers each time a generic entry was identified in the records for a generator (see Sections 2.4.3
and 2.4.5, respectively). For these generators, the same radionuclide distributions were used for the
comparisons as were used when the information was entered into CIDRA. Generic entries for waste
from the other category of generators were handled similarly in the comparisons.

RWMIS contains no generic entries for Rocky Flats Plant (RFP) waste.

RWMIS also contains many dual-radionuclide entries (e.g., Zr-Nb-95). The assumptions made
for these entries in the comparisons are also listed in this appendix.
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A. ASSUMED DISTRIBUTIONS OF DUAL-RADIONUCLIDE ENTRIES IN RWMIS

RWMIS entry Assumed distribution
Z1-Nb-95 0.5 Zr-95, 0.5 Nb-95
Sr-Y-90 0.5 Sr-90, 0.5 Y-90
Ce-Pr-144 0.5 Ce-144, 0.5 Pr-144
Ru-Rh-106 0.5 Ru-106, 0.5 Rh-106
Ba-La-140 0.5 Ba-140, 0.5 La-140
Sr-89-90 All Sr-90

Ce-141-144 All Ce-144

Remarks

Assumed to be in equilibrium
Assumed to be in equilibrium
Assumed to be in equilibrium
Assumed to be in equilibrium
Assumed to be in equilibrium
Conservative assumption®

Conservative assumption®

MISCELLANEOUS ASSUMPTIONS CONCERNING RADIONUCLIDE ENTRIES IN

RWMIS

Sn-119 Convert to Sn-119m

ASSUMED DISTRIBUTIONS OF GENERIC RADIONUCLIDE TERMS IN RWMIS

Sn-119 is not radioactive

(Totals may not always add to exact unity because of round-off.)

1. Test Area North

RWMIS activity

Term (Ch)
MAP 24E+04
MFP 20E+04

a.

Conservative in terms of half-life and radiotoxicity.

E4

Assumed distribution

Nuclide

Fe-55
Co-60
Ni-59
Mn-54
Fe-59
Cr-51
Co-58
Nb-95
Ni-63

Cs-137
Sr-90

La-140
Ce-141
Ba-140

Pr-143

Total

Fraction

0.349
0.334
0.115
0.059
0.048
0.041
0.033
0.012
0.009
1.000

0.246
0.117
0.095
0.087
0.081
0.076



Term

MFP (continued)

Unidentified beta-gamma

Unidentified alpha

Test Reactor Area

Term

RWMIS activity
(C)

MAP

MEFP

Unidentified beta-gamma

1.5E+02

1.0E-01

RWMIS activity
(C)

Assumed distribution

Nuclide

Zr-95
Y-91
Sr-89
Ru-103
Rh-103m
Ce-144
H-3
Total

Cs-137
Sr-90
Total

Same as for TRA

Fraction

0.069
0.065
0.058
0.044
0.033
0.025
0.004
1.000

0.503
0.497
1.000

Assumed distribution

7.4E+05

9.5E+05

1.2E+05

E-5

Nuclide

Co-60
Ni-63
H-3
C-14
Total

Cs-137
Ce-144
Sb-125
Eu-155
Sr-90
Tc-99
1-129
Total

Co-60
Ni-63
Cs-137
H-3
Ce-144
C-14
Sb-125

Fraction

0.53
0.40
0.06
0.01
1.00

0.69
0.22
0.04
0.032
0.012
0.0009

5 x 10%
1.00

0.41
0.31
0.15
0.05
0.05
0.009
0.008



RWMIS activity

Term (Ci)
Unidentified beta-gamma
{continued)
Unidentified alpha 2.0E+00

Idahe Chemical Processing Plant

RWMIS activity

Term {Ci)
MAP 2.3E+04
MFP 1.0OE+05
Unidentified beta-gamma 1.2E+03

E-6

Assumed distribution

Nuclide

Eu-155
Sr-90
Ni-59
Tc-99
I-129

Cm-242
Pu-239
Pu-238
Am-24]
Cm-244
Pu-240

Total

Total

Fraction

0.007
0.003
0.0004
0.0002
2 x 10°
1.00

0.26
0.24
0.22
0.12
0.12
0.04
1.00

Assumed distribution

Nuclide

Co-58
Mn-54

Ce-144
Pr-144
Cs-137
Sr-90
Y-90
Ru-106
Rh-106
Sb-125
Zr-95
Nb-95

Ce-144
Pr-144
Cs-137
Sr-90
Y-90
Ru-106

Total

Total

Fraction

0.500
0.500
1.000

0.197
0.197
0.100
0.100
0.100
0.100
0.100
0.044
0.031
0.031
1.000

0.197
0.197
0.100
0.100
0.100
0.100



RWMIS activity

Assumed distribution

Term (Ci)
Unidentified beta-gamma
{continued)
Unidentified alpha None

Naval Reactors Facility

RWMIS activity

Nuclide Fraction
Rh-106 0.100
$b-125 0.044
Zr-95 0.031
Nb-95 0.031

Total  1.000

Assumed distribution

Term (C1)
MAP 2.9E+04
MFP 54E+05
Unidentified beta-gamma 3.9E+05
Unidentified alpha 3.9E-03

Argonne National Laboratory-West

RWMIS activity
Term (Ci)

MAP 1.8E+03

Nuclide Fraction
Co-60 0.50
Fe-55 0.40
Ni-63 0.10

Total 1.00
Sr-90 0.50
Cs-137 0.50
Total 1.00
Co-60 0.50
Fe-55 0.40
Ni-63 0.10
Total 1.00

Same as for TRA

Assumed distribution

Nuclide Fraction
Co-60 0.55
Cr-51 0.20
Mn-54 0.15
Co-58 0.10

Total 1.00



Term

MFP

Unidentified beta-gamma

Unidentified alpha

Rocky Flats Plant

No generic entries

Other

Term

RWMIS activity
(Ci)

Assumed distribution

3.4E+04

8.0E+03

6.4E-01

RWMIS activity
(€

MAP

MFP

Unidentified beta-gamma

Unidentified alpha

8.8E+02

3.3E+04

3.0E+03

1.3E-02

Nuclide

Sr-90
Cs-137
Ce-144
Total

Sr-90
Cs-137
Ce-144
Total

Same as for TRA

Fraction

0.50
0.30
0.20
1.00

0.50
0.30
0.20
1.00

Assumed distribution

Nuclide

Co-60
Fe-59
Total

Cs-137
Sr-90
Total

Co-60
Cs-137
Sr-90
Fe-59
Total

Same as for TRA

Fraction

0.75
0.25
1.00

0.50
0.50
1.00

0.375
0.25
0.25
0.125
1.000
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Appendix F

Summary of Results of Environmental Monitoring
at the Subsurface Disposal Area

This appendix provides summary tables of environmental monitoring results at the Subsurface
Disposal Area (SDA). These summary tables provide a broad indication of what contaminants have
been detected in the monitoring for comparison with the data compiled in Contaminant Inventory
Database for Risk Assessment (CIDRA) database. Separate tables are given for radiological and
nonradiological contarninants. Within each table, separate entries are also provided for the results of
routine monitoring and special studies because the statistical criteria often varied in the studies.

The radiological contaminants, which are presented in Table F-1, include those most frequently
detected in Radioactive Waste Management Complex (RWMC) environmental samples and others
included in routine screening tests. Monitoring data included in this review span 18 years (1976
through 1993); however, only years for which detectable levels were reported appear in Table F-1.

Because Table F-1 is a high-level rollup table for comparison only, the minimum and maximum
reported values of concentration were compiled for each medium by combining the results from all of
the sampling methods. If only one sample was evaluated, only the single result is listed in the table.
AIr contaminant concentrations include data from both high- and low-volume air samplers. Soil
concentrations include both surface and near-surface values. Concentrations in subsurface sediments
(deeper than near-surface) are reported separately. Contaminant concentrations in samples from all
monitoring wells were combined to report a range of concentrations. No distinction between
sampling locations within the SDA, monitoring instrumentation, sampling locations, or number of
positive samples was considered in this rollup table. Only a gross range in concentration values is
presented.

The environmental medium terms (e.g., groundwater, subsurface water, and perched water)
used in the routine monitoring and special studies reports to describe the subsurface have not always
been defined clearly or used consistently. Because the purpose here is to indicate which contaminants
have been detected, not the environmental media in which they were detected, no attempt is made to
define what is meant by the various terms. The contaminant concentrations are presented with their
associated environmental medium term used in the cited report.

Below-measurable concentrations are denoted as below detection limit (BDL). Detection limits
for major radiological contaminants monitored at the SDA are included in the annual monitoring
reports. Significant concentration results generally reflect a 35% confidence level, and the
uncertainty for analytical results is +2 o for radionuclides. Data reported for biotic vegetation and
air sampling are provided by analyses conducted by the Radiological and Environmental Sciences
Laboratory (RESL).

Table F-2 summarizes results of routine monitoring and special studies for nonradiclogical
contaminants. Monitoring for nonradiological contaminants is smaller in scope than monitoring for
radiological contaminants. Organic compounds and metals have been monitored regularly at the SDA
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since 1987. Special studies were conducted in the years listed in Table F-2. Maximum and minimum
contaminant concentrations are presented for each medium sampled.

Generally, data reported for nonradiological contaminants reflect an uncertainty of +1 o.
Below-measurable levels are indicated as practical quantitation level (PQL). PQL values for
nonradiological contaminants measured in the SDA are given in the annual monitoring reports.

The detection of contaminants in environmental media at the RWMC does not always imply that
the contaminants came from the inventoried SDA waste. Contaminants detected in environmental
samples collected at the RWMC could have also resulted from (a) emissions from other Idaho
National Engineering Laboratory (INEL) facilities, (b) atmospheric fallout from weapons testing,

(c) natural occurrence, (d) cross-contamination or erroneous laboratory analysis, or (¢) waste located
in other parts of the RWMC. Eliminating the other potential sources of contamination requires
rigorous design and execution of the sampling and analysis and careful interpretation of the results.
Such evaluations are beyond the scope of these simplified comparisons.

The special studies cited in this appendix, RESL data, and subsurface water sampling and
analysis by the U.S. Geological Survey (USGS) are believed to be of acceptable reliability for use in
the comparisons. However, in spite of rigorous monitoring activities, contaminants in aquifer
samples collected by the USGS at the RWMC could have been the result of waterborne effluents
upgradient from other INEL facilities. A case-by-case analysis is required to postulate the source of
each detected contaminant.

The data from INEL contractor routine monitoring at the RWMC before approximately 1983 are
considered to be of lower reliability. Quality assurance of the monitoring activities was minimal. In
many cases, no control samples were collected or the control samples were from inappropriate
locations. In 1983, detailed reviews of the objectives, procedures, and data were completed for the
INEL contractor monitoring activities at the RWMC, which led to major improvements in sampling
design, laboratory analysis, data evaluation, and quality assurance. The monitoring activity reviews
continue to be held regularly. For the INEL contractor routine monitoring, only contaminant
concentrations in air, subsurface and surface water, and subsurface and surface soil data obtained in
1984 or later are considered sufficiently reliable for these comparisons. For the present comparisons,
the biotic data from all years are considered reliable.

The summary environmental monitoring data are not compared here against background
concentrations of the contaminants. Some of the listed detections may represent concentrations of
contaminants at background levels.
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Table F-2. Summary of results from routine monitoring and special studies for nonradiological

contaminants.
Years in which contaminant
Contaminant Medium was detectedd Concentration
ORGANICS

1.1,1-trichioroethane

1,1,2-trichlorotrifluoroethane

1,1-dichloroethane

1.1-dichloroethylene

2-buranone

Acetone

Carbon tetrachloride

Aquifer, perched

Soil/soil gas
Borehole vapor
Air

Perched water

Air
Soil borehole vapor
Soil/soil gas

Aquifer

Perched water

Aquifer

Perched water

Alr
Sedimentary interbed
Air

Aquifer

Perched water

Air

Borehoie vapor

Soil/soil gas

(EMU) 1987-1993
(88) 1987-1988, 1993

(S5) 1987
(S8) 1987, 1988
(55) 1991, 1994

(EMU) 1987-1990
(S5) 1987-1988

(5S) 1989
(S5) 1987
(5S) 1987

(EMU} 1987-1993

(88) 1987-1988, 1990-1991

(EMU) 1987-199%)
(88) 1987, 1993

(EMU) 1987-1993

(SS) 1987-1988, 1990-1991

(EMU) 1987-1990
(8S) 1987

(55) 1994
(SS) 1987
(SS) 1994

(EMU) 1987-1993
(88) 1987-1991

(EMU) 1987-1950
(SS) 1987, 1988, 1993

(S8) 1987, 1989

(EMU) 1987
(5S8) 1987-1988

(8S) 1987, 1992

F-13

<0.2 10 0.9 ug/L
<0.2 10 15.0 ug/L

<0.01 pgiL
BDL to 120 mg/m’
1.4 pgim®

37 1o 250 pg/L
<0.2 to 250 pg/L

24 to 120 mg/m®
PQL to 120 pg/L
NR to 310 ug/L
<0.2to0 5.6 pg/L
<0.2t0 13 pg/L

5.6 to 22 g/l

5.6 to 22 pug/L
0310 13 ug/L

<0210 1.0 pg/L
<0210 3.0 pg/L

0.810 2.6 ug/L
<0.8 ug/L

0.4 pg/m’
11 pg/kg
3.0 pg/m?

<0.2 t0 2.8 ug/L
<0.2 to0 6.6 ug/L

230 to 1,400 pug/L
<0.2 to 2,100 pg/L

17 to 5,800 mg/m’

0.1 to 36 mg/m’
BDL to 5,800 ug/L

0.22 to 1,400 ppb



Table F-2. (continued).

Years in which contaminant

Contaminant Medium was detected? Concentration
Chloroform Aquifer (EMU) 1987-1993 <0.2to0 1.0 pg/L.
(8S) 1987-1991 <0.2t0 3 ug/L
Perched water (EMU) 1987-1990 300 to 940 pg/L
(S5) 1987-1988, 1990-1991, <0.2 10 1,500 pg/L
1993
Air (SS) 1989, 1994 1.7 to 320,000 pg/m’

Dichlorodifluoromethane

Methylene chloride

Phenol

Tetrachloroethylene

Toluene

Soil/borehole vapor
Sedimentary interbed

Aquifer

Air

Perched water

Sedimentary interbed
Perched water

Adr

Aquifer

Aquifer

Air

Perched water

Soil/borehole vapor

Soil/soil vapor

Aquifer

Air

Perched water

Soil/borehole vapor

{SS) 1987, 1988, 1992
(85) 1987

(EMU) 1987-1993
(SS) 1587~1991

(88) 1994

(EMU) 1987-1990
(85) 1987-1988, 1950-1991

(35) 1987
(85) 1993
(88) 1991, 1994
(88) 1991

(EMU) 1987-1993
(55) 1987, 1989-1991

(55} 1954

(EMU) 1987-1990

(55) 1987, 1988, 1990-1951,

1993
(SS) 1987, 1992
(S5) 1987

(EMU) 1987-1993
(55) 1987, 1988, 1990, 1991]

(88) 1994

(EMU) 19871990

(SS) 1987-1988, 1990-1991,
1993

(S5) 1987, 1992

BDL to 330 ug/l
120 pglkg

<0.2 to <2.6 ug/L
<0.2 to 3.0 ug/L

0.3 pg/n’

BDL to 0.3 ug/L
<0210 3 pg/L

42 uglkg

BDL to <100 ug/L
0.05 pg/m?

0.046 mg/L

<0.2 w0 4.5 pg/L
<0.2 to 3.0 pg/L

4.2 pg/m’

4.5 w0 1,200 pp/L
<{).2 to 230 ug/L
BDL to 62 ug/L
310 40 pg/L

<0210 <1.0 pg/L
<0.2 10 3.0 pg/L

0.3 ug/m’
<0.2 10 0.3 pg/L

<0.2 10 100 pg/L

0.3 to 191 pg/L



Table F-2. (continued).

Years in which contaminant

Contaminant Medium was detected? Concentration
Trichloroethylene Agquifer (EMU) 1987-1993 <0.210 1.4 pg/L
(83) 1987-1988 <0.2 to 860 ug/L
Perched water {EMU) 1987-1990 BDL to 860 pg/L
(SS) 1987-1988, 1990-1991, <0.2 to 1,600 ug/L
1993
Air (SS) 1987, 1989 1! to 380 mg/m’
Soil/borehole vapor . (SS) 1987, 1992 BDL to 690 xg/L.
Sedimentary interbed (SS) 1987 81 pg/kg
METALS
Antimony Perched water (58) 1988, 1993 2.2 to 70.0 ug/L
Arsenic Aquifer (SS) 1987 110 14.3 pg/L
Perched water (SS) 1988, 1993 <2.01t04.2 ug/L
Barium Sedimentary interbed (SS5) 1987 392 mg/kg
Perched water (S5) 1988, 1993 18 t0 1,260 ug/L
Beryllium Perched water {8S) 1988, 1993 <0.5w 6.4 ug/L
Subsurface soil {83) 1991 1.910 2.7 mg/kg
Sedimentary interbed (SS) 1987 1.4 mgikg
Boron Surface soil (88) 1982 190 mg/kg
Cadmium Perched water (S5) 1988, 1993 <1 1to 16.1 pug/L
Surface soil (88) 1982 0.50 mgikg
Chromium Surface water (EMU) 1986 2.240.1 mg/L
Aquifer (SS) 1985-1986, 1987 0.05 to 56410 ug/L
Perched water (5S) 1993 <6.0 10 50 ug/L
Sedimentary interbed (SS) 1987 40.0 mg/kg
Soil {58) 1982 3.5 mg/kg
Cobalt Perched water {S8) 1988, 1993 <120t 72.4 pg/L



Table F-2. (continued).

Years in which contaminant

Contaminant Medium was detected? Concentration
Copper Perched water (SS) 1988, 1993 <7.0t 10.8 pg/L
Soil (S5) 1982 6.9 mg/kg
Sedimentary interbed (S5) 1987 30.3 mg/kg
Lead Perched water (85) 1988, 1993 <5to21.5 pg/l
Surface soil (S5) 1982 8.8 mg/kg
Mercury Subsurface so.il (SS) 1991 1.40 1o 5,320 mg/kg®
Perched water (S5) 1988, 1993 <0.1t0 3.4 ug/L
Soil vapor (88} 1990 ND
Sedimentary interbed (58) 1987 0.6 mg/kg
Nickel Sedimentary interbed (5S) 1987 34.4 mg/kg
Perched water (55) 1988, 1993 9 to 996 ug/L
Selenium Sedimentary interbed (8S) 1987 1.0 mg/kg
Subsurface water (SS) 1987, 1988 ND to 3 ug/L
Perched water (88) 1993 1.1 to 97.9 ug/L
Silver Sedimentary interbed {SS} 1987 2.4 mg/kg
Perched water (SS) 1988, 1993 <1ltol.6ug/L
Thailium Sedimentary interbed (5§5) 1987 2.4 mg/kg
Perched water (SS) 1988, 1993 0.9 pgll
Tin Sedimentary interbed (55) 1987 244 mg/kg
Perched water {8S) 1988 1,000 ug/l.
VYanadium Sedimentary interbed (§8) 1987 53.3 mg/kg
Perched water (SS) 1988, 1993 <15.0 w0 16.4 pg/L
Zinc Surface soil (58) 1982 37.0 mg/kg

Perched water

Sedimentary interbed

F-16

{SS) 1988, 1593

(88) 1987

4.3 to 945 pg/L

2.4 mg/kg



Table F-2. (continued).

Years in which contaminant

Contaminant Medium was detected? Concentration

OTHER®

Chioride Aquifer (EMU) 1979, 1982-1993 9+1to 105+11 ppm
Perched water (EMU)} 1682-1993 624610 9319 ppm

(83) 1993 4,980 to 635,000 pg/L

Surface soil {58) 1982 150 mg/ke

Cyanide Perched water (S8) 1988 5 pg/L
Sedimentary interbed (SS) 1987 1.25 mg/kg

Nimrate Aquifer (EMU) 1982, 1983, 1987 0.5 to 12 mg/L
Perched water (85) 1993 130 to 2,040 pg/L
Surface water : (EMU) 1980-1982 0.08 10 4.7 mg/L
Surface soil (EMU) 1980-1983 1-49 ppm

(SS) 1982 0.28 mg/kg

Sodium ton Surface water (EMU) 1983-19%4 6 to 100410 mg/L
Aquifer (EMU) 1979, 1982-1993 6+1 to 5245 ppm
Perched water (EMU) 1985-1987, 1992 BDL 10 100110 ppm

Sulfate Perched water (S5) 1988 1 pa/L
Perched water (58) 1993 6,290 to 40,800 ug/L
Perched water (8S) 1985 - 19.95 ug/l

Sulfide Sedimentary interbed (8S) 1987 200 mg/kg

a. Concentrations included in this table were actually detected in those years indicated. Occasionally, contaminants were monitered
during a year, but the analyses were not available for inclusion in the annual EMU report.

b. Detections involved drilling directly into a disposal unit.

¢. Contaminant monitoring occurred from 1976 through 1993,

BDI. — Below detection limit.

EMU — Daia compiled from routine monitoring results published by the Environmental Monitoring Unit.

ND  — Not detected.

NR — Minimum measured concentration was not reported in the reference source practical quantitation limit.

PQL — Practical quantitation limit.

8s — Special srudies. Data compiled from studies other than those that are part of the routine monitoring program at the SDA.
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